We manufactured a new fermented tea by tea-rolling processing of third-crop green tea (Camellia sinensis) leaves and loquat (Eriobotrya japonica) leaves. The mixed fermented tea extract inhibited pancreatic lipase activity in vitro, and effectively suppressed postprandial hypertriacylglycerolemia in rats. Rats fed a diet containing 1% freeze-dried fermented tea extract for 4 weeks had a significantly lower liver triacylglycerol concentration and white adipose tissue weight than those fed the control diet lacking fermented tea extract. The activity of fatty acid synthase in hepatic cytosol markedly decreased in the fermented tea extract group as compared to the control group. The serum and liver triacylglycerol-and body fat-lowering effects of the mixed fermented tea extract were strong relative to the level of dietary supplementation. These results suggest that the new fermented tea product exhibited hypotriacylglycerolemic and antiobesity properties through suppression of both liver fatty acid synthesis and postprandial hypertriacylglycerolemia by inhibition of pancreatic lipase.
We manufactured a new fermented tea by tea-rolling processing of third-crop green tea (Camellia sinensis) leaves and loquat (Eriobotrya japonica) leaves. The mixed fermented tea extract inhibited pancreatic lipase activity in vitro, and effectively suppressed postprandial hypertriacylglycerolemia in rats. Rats fed a diet containing 1% freeze-dried fermented tea extract for 4 weeks had a significantly lower liver triacylglycerol concentration and white adipose tissue weight than those fed the control diet lacking fermented tea extract. The activity of fatty acid synthase in hepatic cytosol markedly decreased in the fermented tea extract group as compared to the control group. The serum and liver triacylglycerol-and body fat-lowering effects of the mixed fermented tea extract were strong relative to the level of dietary supplementation. These results suggest that the new fermented tea product exhibited hypotriacylglycerolemic and antiobesity properties through suppression of both liver fatty acid synthesis and postprandial hypertriacylglycerolemia by inhibition of pancreatic lipase.
Key words: fermented tea; loquat leaves; hypotriacylglycerol; antiobesity; black tea polyphenol Green tea (Camellia sinensis), a popular beverage consumed worldwide, is recognized for its beneficial health effects. It has been reported to have hypocholesterolemic, hypotriacylglycerolemic, hypoglycemic, antiobesity, antioxidative, anticarcinogenic, and antimutagenic activities. [1] [2] [3] [4] [5] [6] [7] It is a rich source of polyphenols,
(À)-epigallocatechin-3-gallate (EGCg), (À)-epigallocatechin (EGC), (À)-epicatechin-3-gallate (ECg), and (À)-epicatechin (EC)
, which are thought to be major components exerting a variety of biological effects. Green tea leaves are harvested 3-4 times in the same tea garden per year. In Japan, the first crop of green tea leaves is harvested from the middle of April to the beginning of May, and is characterized by good taste and aroma. The third crop of green tea leaves is harvested in the summer season and contains high levels of catechins; as a drink, they impart a bitter taste, and are thus not effectively utilized. Loquat (Eriobotrya japonica) is a fruit tree belonging to the family Rosaceae, and its flesh is juicy and sweet. Although part of the loquat leaf is used as a kind of Chinese medicine, most of the leaf is not utilized. Tanaka et al. 8) observed that loquat leaf enzymes potently accelerate catechin oxidation. Catechin oxidation in green tea leaves results in the formation of black tea polyphenols, theaflavins, theasinensins, and other high molecular components, allowing the manufacture of an attractively aromatic and tasty fermented tea. Matsumoto et al. 9) have found that black tea polyphenols have hypocholesterolemic and hypotriacylglycerolemic effects in cholesterol-fed rats. Keemun black tea extract has been observed to reduce body weight in rats. 10) Thus, black teas manufactured via the fermentation process appear to improve lipid metabolism and body fat deposition. In the present study, we investigated the effects of our new fermented tea on serum and liver lipid levels and visceral fat deposition in rats.
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Materials and Methods
Materials. Third-crop green tea leaves (GL) were obtained from the Nagasaki Prefectural Agricultural and Forestry Experiment Station, Higashisonogi Tea Branch, in August 2007, and loquat leaves (LL) were obtained from the Nagasaki Fruit Tree Experiment Station in July 2007. Fermented tea leaves were prepared following our previous report. 11) In brief, fresh GL were sprayed with the hot-blast of a primary tea-rolling dryer (60-k type, Kawasaki, Shimada, Japan), drying the tea leaves at 70 C for 20 min. The temperature of the leaves did not exceed 40 C during this process. Next, sprayed GL and LL were mixed at a ratio of 9:1 and kneaded with a tea roller (Kawasaki) at room temperature for 20 min. Finally, the mixed leaves were sprayed at 100 C for 30 min in a tea dryer (Kawasaki) to dry them and stop catechin oxidation, yielding mixed fermented tea leaves (mixFL). MixFL (20 g) was dissolved in 1 liter of hot water and stirred for 10 min. The mixture was filtered, and the filtrate was concentrated with rotary evaporator. The concentrate was lyophilized with a freeze dryer (FD-550R, Tokyo Rikakikai, Tokyo) and powdered, and used as a mixed fermented tea extract (mixF-E). Green tea extract (G-E) was prepared in a similar manner, without LL. Loquat tea extract (L-E) was produced by dissolving 20 g of LL in 1 liter of hot water, which was subsequently filtered, lyophilized, and powdered.
MixF-E, G-E, and L-E were extracted with 60% ethanol, and polyphenol profiles were analyzed by HPLC. The analytical HPLC conditions were as follows: Cosmosil 5C 18 -AR II (Nacalai Tesque, Kyoto, Japan) column (4.6 mm i.d. Â 250 mm) with a gradient elution from 4 to 30% (39 min) and 30 to 75% (15 min) of CH 3 CN in 50 mM H 3 PO 4 ; flow rate, 0.8 ml/min; detection, a photodiode array detector (MD-910; Jasco, Tokyo). The total polyphenol content was analyzed by the Folin-Ciocalteu method, 12) using gallic acid as standard.
Activity of pancreatic lipase in vitro. Pancreatic lipase activity was measured by the method of Han et al. 13) An emulsion (9 ml) containing 80 mg of trioleoylglycerol, 10 mg of phosphatidylcholine, and 5 mg of sodium taurocholate in 0.1 mol/l of N-tris (hydroxymethyl)methyl-2-aminoethane sulfonic acid (TES) buffer (pH 7.0), containing 0.1 mol/l of sodium chloride, was prepared by sonication and kept at 37 C. A 100-ml aliquot of the emulsion was incubated with 5 U of porcine pancreatic lipase (Sigma Chemical, St. Louis, MO) solubilized in 0.1 mol/l of TES buffer containing 0.1 mol/l of sodium chloride and G-E, L-E, or mixF-E solution (100 ml) at 37 C for 30 min. Released fatty acids were extracted with chloroform:heptane:methanol (49:49:2, v:v:v), and were colorimetrically measured.
Postprandial hypertriacylglycerolemia in rats. Five-week-old male Sprague-Dawley rats (Japan SLC, Shizuoka, Japan) were housed individually in stainless-steel cages under a controlled atmosphere (temperature, 22 AE 1 C; humidity, 55 AE 5%; light cycle, 08:00-20:00), fed a commercial pellet diet (CE-2, Clea Japan, Tokyo) for 2 weeks, and subsequently fasted overnight. After blood samples were withdrawn from the tail veins of rats weighing about 250 g (as time 0), a solution of dissolved G-E, L-E, or mixF-E (200 mg/5 ml 20% ethanol/kg body weight) was administered orally. Five ml of 20% ethanol was administered orally to the control group. At 5 min after tea-solution or ethanol administration, a 10% soybean oil emulsion (Intralipid10%, Terumo, Tokyo) was administered orally at a dose of 15 ml/kg body weight. Blood was withdrawn at 1, 2, 3, 4, 6, and 8 h after oral administration via the tail veins. After separation of the serum, triacylglycerol concentration was measured with a commercial kit (Triglyceride E-test Wako, Wako Pure Chemicals, Osaka, Japan).
Effects of G-E, L-E, and mixF-E diet supplementation in rats. Fourweek-old male Sprague-Dawley rats were fed a commercial pellet diet (CE-2, Clea Japan, Tokyo), and had free access to water. The rats were divided into four groups of equal body weight. The control diet was prepared according to the formula recommended by the American Institute of Nutrition, and contained 200 g of casein, 100 g of corn oil, 10 g of vitamin mixture (AIN-76), 35 g of mineral mixture (AIN-76), 2 g of choline bitartrate, 3 g of DL-methionine, 50 g of cellulose, 150 g of corn starch, and up to 1,000 g of sucrose per 1,000 g of diet. G-E, L-E, or mixF-E was added at a level of 1% to the control diet at the expense of sucrose. The rats were given free access to the diets and water for 4 weeks. Food intake and body weight were recorded daily. After fasting for 6 h, blood was collected following decapitation, and perirenal and epididymal white adipose tissues, brown adipose tissue, and the liver were immediately excised and weighed.
Animal studies were carried out under the Guidelines for Animal Experiments of University of Nagasaki (Nagasaki, Japan), and Law no. 105 and Notification no. 6 of the Government of Japan.
Effects of mixF-E diet supplementation levels in rats. Five-week-old male Sprague-Dawley rats were fed an experimental diet supplemented with 0%, 0.5%, 1.0%, 1.5%, or 2.0% mixF-E, which was added to the control diet at the expense of sucrose. The rats were given free access to the diets and water for 4 weeks. After fasting for 6 h, they were sacrificed by decapitation, and perirenal and epididymal white adipose tissues, brown adipose tissue, and the liver were immediately excised and weighed.
Preparation of hepatic subcellular fractions. An aliquot of freshly excised liver was homogenized in 6 volumes of a 0.25 M of sucrose solution containing 1 mM of EDTA in a 10 mM of Tris-HCl buffer (pH 7.4). After precipitation of the nuclei fraction, the supernatant was centrifuged at 100;000 Â g for 60 min to precipitate microsomes, and the remaining supernatant was used as the cytosol fraction. The mitochondrial and microsomal pellets were resuspended in a 0.25 M of sucrose solution containing 1 mM of EDTA in a 10 mM of Tris-HCl buffer (pH 7.4).
Serum and liver lipid analyses. Serum lipids were assayed enzymatically using commercial kits (Cholesterol E-Test, Triglyceride E-Test, Phospholipid C-Test, Wako Pure Chemical Industries, and HDL-CÁ2-Daiichi, Daiichi Chemicals, Tokyo). Liver lipids were extracted by the method of Folch et al.
14) The concentrations of cholesterol, triacylglycerol, and phospholipid were measured by the methods of Sperry and Webb, 15) Fletcher, 16) and Rouser et al. 17) respectively.
Measurement of enzyme activities in the liver and brown adipose tissue. The activities of cytosolic fatty acid synthase (FAS), 18 ) glucose 6-phosphate dehydrogenase (G6PDH), 19) malic enzyme, 20) microsomal phosphatidic acid phosphohydrolase (PAP), 21) and mitochondrial carnitine palmitoyltransferase (CPT) 22) were determined in the liver. Also, CPT activity in brown adipose tissue homogenate was measured. Protein was assayed by the method of Lowry et al., 23) using bovine serum albumin as standard.
Statistical analysis. All values are expressed as means AE SEM. Statistical analyses were performed by one-way ANOVA, followed by the Tukey-Kramer test. Values were considered to be significantly different when the p-value was less than 0.05.
Results
The total polyphenol content in G-E, L-E, and mixF-E was 352:2 AE 2:2 mg/g, 77:4 AE 0:2 mg/g, and 210:1 AE 0:9 mg/g respectively. As shown in Fig. 1B , the major peaks of G-E were attributed to caffeine, EGCg, EGC, EC, and ECg. L-E mainly contained EC, procyanidins (procyanidin C1 and procyanidin B2), and chlorogenic acid (Fig. 1C) . The phenolic composition of mixF-E was similar to that of G-E (Fig. 1A and B) . However, the concentration of catechins (EGCg, EGC, EC, and ECg) was lower in mixF-E than in G-E. Theaflavins (theaflavin, theaflavin 3-O-gallate, theaflavin 3 0 -Ogallate, and theaflavin 3,3 0 -di-O-gallate), theasinensins (theasinensin A and theasinensin B), and thearubigins (polymer-like polyphenols), which were identified as a broad hump on the HPLC baseline, were detected in mixF-E. The caffeine content was approximately the same as between G-E and mixF-E.
Pancreatic lipase activity in vitro When IC 50 values for pancreatic lipase were determined using triolein as substrate, the inhibitory activity of mixF-E (IC 50 ¼ 1;081 AE 88 mg/ml) was significantly stronger than those of G-E (IC 50 ¼ 2;245 AE 175 mg/ml) and L-E (IC 50 ¼ 4;501 AE 52 mg/ml).
Postprandial hypertriacylglycerolemia in rats
The serum triacylglycerol level increased after oral administration of 10% soybean oil emulsion, was the highest at 2 h, and decreased at and after 3 h in the control group (Fig. 2) . The concentration after 2 h in the L-E group was slightly but not significantly lower than that in the control group. G-E showed a tendency to suppress the increment of the serum triacylglycerol level at 1 and 2 h after oral administration, but the concentration at and after 3 h was the same as the control group. On the other hand, the increment of triacylglycerol concentration in the rats orally given mixF-E was effectively suppressed at 1 and 2 h, and differences were significant from the control group. The areas under the curve (AUCs) at 8 h after administration were 2:76 AE 0:30 mmol/l Ã h, 1:79 AE 0:40 mmol/l Ã h, 2:70 AE 0:61 mmol/l Ã h, and 1:02 AE 0:31 mmol/l Ã h in the control, G-E, L-E, and mixF-E groups respectively. The AUC of serum triacylglycerol was significantly down, by 63%, in the mixF-E group as compared to the control group.
Effects of G-E, L-E, and mixF-E diet supplementation in rats
Body weight gain was significantly lower in the G-E and mixF-E groups than in the control and L-E groups (Table 1) . There was no difference in food intake among the four groups. Liver weight was comparable irrespective of diets, but the sum of perirenal and epididymal white adipose tissue weights was significantly lower in the rats fed the G-E and mixF-E diets than in those fed the control diet. Brown adipose tissue weight was identical among the four groups.
There was no significant difference in the concentration of serum triacylglycerol among the four groups, although the extent of reduction was largest in the mixF-E group ( Table 2) . The hepatic triacylglycerol concentration in the rats fed the mixF-E diet was Values are means AE SEM for seven rats per group. ab Different superscript letters show significant differences at p < 0:05. G-E, green tea extract; L-E, loquat tea extract; mixF-E, mixed fermented tea extract effectively decreased as compared to that in the rats fed the control and L-E diets, and the value was approximately half of that of the control rats. Serum total cholesterol, high density lipoprotein (HDL) cholesterol, and phospholipid levels were comparable among the four groups (Table 2) . Also, no differences in hepatic cholesterol or phospholipid concentrations were observed among the groups.
The activity of FAS in hepatic cytosol was significantly lower in the rats fed the mixF-E diet than in those fed the control diet ( Table 3 ). The activities of cytosolic G6PDH, malic enzyme, and microsomal PAP were the same irrespective of the diet. Mitochondrial CPT activity in the liver was significantly higher in the rats fed the G-E diet than in those fed the control and L-E diets. The level of the mixF-E group was intermediate between the control and the G-E group. There were no significant differences among the groups in brown adipose tissue homogenate CPT activity.
Effects of mixF-E diet supplementation levels in the rats
Food intake was the same between the control diet and the 0.5%, 1.0%, 1.5%, and 2.0% mixF-E diets, but it was significantly higher for the 0.5% diet than for the 1.5% and 2.0% diets (Table 4) . Body weight gain dosedependently fell when mixF-E was added to the control diet, and a significant reduction with respect to the control group was observed in the 2.0% mixF-E group. Liver weight was significantly lower for the 2% mixF-E diet than for the other diets. The sum of perirenal and epididymal adipose tissue weights decreased in a dosedependent manner and was significantly lower in the rats fed the 2% mixF-E diet than in those fed the control diet or the 0.5% or 1.0% mixF-E diet. No significant Values are means AE SEM for seven rats per group. ab Different superscript letters show significant differences at p < 0:05: G-E, green tea extract; L-E, loquat tea extract; mixF-E, mixed fermented tea extract Values are means AE SEM for seven rats per group. ab Different superscript letters show significant differences at p < 0:05. G-E, green tea extract; L-E, loquat tea extract; mixF-E, mixed fermented tea extract differences were observed in brown adipose tissue weight, irrespective of the level of mixF-E supplementation of the control diet. The serum triacylglycerol concentration dose-dependently decreased in the mixF-E-fed rats, and it was significantly lower in the rats fed the 2% mixF-E diet than in those fed the control diet ( Table 5 ). The hepatic triacylglycerol concentration decreased with the increment of mixF-E dietary supplementation, and was significantly lower in the rats fed the 1% or the greater mixF-E diet than in those fed the control diet. No differences were observed for the concentrations of serum total cholesterol, HDL cholesterol, phospholipid, hepatic cholesterol, or phospholipid among the five groups.
The activities of FAS and G6PDH in the hepatic cytosol in the 2% mixF-E group were significantly lower than in the control group (Table 6 ). There were no significant differences for cytosolic malic enzyme or microsomal PAP activities in the liver among the groups. CPT activity in the liver mitochondria was comparable among the groups, whereas that in the brown adipose tissue homogenate increased with the dosage of mixF-E in the diets, and was significantly higher in the 1.5% and 2% mixF-E diet groups than in the control diet group. Brown adipose tissue weight (mg/100 g body weight)
104
Values are means AE SEM for seven rats per group. abc Different superscript letters show significant differences at p < 0:05: mixF-E, mixed fermented tea extract 
Discussion
We found that kneading fresh GL with LL generated a fermented tea product 24, 25) with a distinct flavor and taste, which differed from green and black teas. The present study indicates that the novel fermented tea product decreased the triacylglycerol concentration in the liver (Table 2 ). This effect tended to be more potent than that of an extract of GL or LL alone, and it was dose-dependent (Table 5) . Suppression of hepatic cytosolic FAS activity was observed in the mixF-E-fed rats (Tables 3 and 6 ). On the other hand, the activity of CPT in the hepatic mitochondria was not influenced by mixF-E supplementation. This suggests that suppression of lipogenesis, but not acceleration of lipolysis, in the liver induced a reduction in triacylglycerol concentration in the livers of rats fed mixF-E.
MixF-E exhibited stronger inhibitory activity for pancreatic lipase in vitro than G-E or L-E. Inhibition of pancreatic lipase can cause suppression of and/or delay in triacylglycerol absorption in the intestine. In fact, mixF-E effectively suppressed postprandial hypertriacylglycerolemia as compared to G-E and L-E (Fig. 2) . This suggests that suppression of postprandial hypertriacylglycerolemia by mixF-E might be due to suppression of and/or delay in triacylglycerol absorption in the intestine. MixF-E induced a reduction of visceral fat, and the effect was dose-dependent (Tables 1 and 4) . Ikeda et al. 26) and Han et al. 27, 28) have pointed out that slower absorption of dietary fat decreases the deposition of visceral fat. Therefore, mixF-E is assumed to induce a reduction in white adipose tissue through suppression of and/or delay in triacylglycerol absorption from the intestine. Suppression of fatty acid synthesis in the liver might be another cause of the reduction in visceral fat, since fatty acid synthesized in the liver is an important source of visceral fat. 29) There is a possibility that suppression of hepatic fatty acid synthesis due to mixF-E supplementation is also related to the reduction in white adipose tissue deposition (Tables 3 and 6) .
Although G-E supplementation enhanced the activity of CPT in the hepatic mitochondria, it did not modify the activities of FAS, G6PDH, malic enzyme, or PAP in the liver (Table 3) . G-E did not significantly lower the serum or liver triacylglycerol concentrations (Table 2) , but it suppressed visceral fat deposition more effectively than mixF-E ( Table 1 ). The reduction of visceral fat by G-E might operate through enhancement of hepatic mitochondrial CPT activity. Thus the effects of mixF-E and G-E on triacylglycerol metabolism and their mechanisms are thought to be different.
Ikeda et al. 26) have reported that catechins with a galloyl moiety inhibit the activity of pancreatic lipase. Kusano et al. 30) have found that theaflavin 3,3 0 -di-Ogallate and theaflavin 3-O-gallate have strong pancreatic lipase inhibitory activity, and are more potent than EGCg. Nakai et al. 31) have also observed that theaflavin, theaflavin 3 0 -O-gallate, theaflavin 3,3 0 -di-O-gallate, theasinensin A, and theasinensin B, which are found in mixF-E, show stronger inhibitory activities on pancreatic lipase than EGCg. The present study indicates that mixF-E, rich in theaflavins and theasinensins, has more potent inhibitory activity for pancreatic lipase than G-E and L-E without black tea polyphenols. MixF-E effectively suppressed the increment of serum triacylglycerol levels after oral administration of an emulsion containing soybean oil. Therefore, it is thought that suppression of postprandial hypertriacylglycerolemia in mixF-E in part operates through inhibition of pancreatic lipase activity by theaflavins and theasinensins. Because the effect of thearubigins on pancreatic lipase activity is unknown, more detailed research is needed. Shishikura et al. 32) have observed that black tea and green tea had effects on the physicochemical properties of an olive oil emulsion, by increasing droplet size and decreasing the specific surface area in vitro. They speculated that the increment of droplet size due to tea polyphenols suppresses the activity of pancreatic lipase, consequently decreasing fat absorption from the intestine. Direct effects of black tea polyphenols and catechins on the formation of emulsion in the intestine have not yet been demonstrated. In any case, the behaviors of black tea polyphenols and catechins in the intestine are thought to be important.
It has been reported that theaflavins significantly reduce the activity of FAS in vitro and in cell culture. 33) Lin et al. 34) found that theaflavins suppress FAS expression in HepG2 cells. Their polyphenols had more potent inhibitory activity for FAS than EGCg in MCF-7 breast cancer cells.
35) The theaflavins in mixF-E may contribute to the inhibition of FAS activity in the liver. Because theaflavins, which characteristically occur as dimers of EGC and EC or their galloyl esters, have larger molecular weights than catechins, it is expected that the extent of direct absorption of theaflavins from the intestine is markedly lower than catechins, accounting for the poor absorption of theaflavins. Similarly, theasinensins, a dimer of EGC and its galloyl ester, and thearubigins, polymer-like polyphenols, may be poorly absorbed. Hence we do not think that black tea polyphenols, such as theaflavins, theasinensins, and thearubigins, directly and potently affect FAS activity in the body. Because theaflavins have strong -glucosidase inhibitory activity, 36) glucose absorbed from the intestine is effectively suppressed by the feeding of theaflavins, and consequently the secretion of insulin is restricted. If insulin secretion is not accelerated, FAS activity is not necessarily increased. 37) Theaflavins might contribute to low FAS activity through suppression of insulin secretion due to decreases in glucose absorption in the intestine.
Moon et al. 38) found that green tea catechins effectively depleted fat accumulation via stimulation ofoxidation, and increased hormone sensitive lipase gene expression in 3T3-L1 adipocytes. Administration of green tea extract has been reported to increase fatty acid oxidation and energy expenditure in humans and rats, and these effects are assumed to be attributable to the high catechin content. 39, 40) Thus, catechins appear to relate to reductions in visceral fat. Suppression of white adipose tissue deposition in the feeding of mixF-E may be attributed at least in part to the catechins contained in mixF-E. However, the extent to which black tea polyphenols participate in the degradation of white adipose tissue is at present obscure.
We were able to manufacture a new fermented tea by mixing third-crop green tea leaves and loquat leaves. We found that this tea had hypotriacylglyceridemic and antiobesity properties through suppression of fatty acid synthesis in the liver and suppression of postprandial hypertriacylglycerolemia by inhibition of pancreatic lipase, indicating that this fermented tea is a novel and functional beverage.
